Introduction
Seasonal reproduction in most temperate-zone avian species is terminated by spontaneous gonadal regression at the onset of a 'photorefractory' state (Bissonette & Wadlund, 1932;  Riley, 1936; Burger, 1947) . Photorefractory birds are insensitive to further stimulation by long daylengths and this prevents breeding attempts being made when ecological factors, particularly food supply, are unfavourable for successfully rearing young. Refractoriness is maintained during the summer, while the bird experiences long daylengths, and is terminated during the short days of autumn (Lofts & Murtón, 1968) . Exposure of birds to artificial short daylengths can terminate refractori¬ ness prematurely (Burger, 1947; Wolfson, 1952; Steel et al, 1975 ). Short days appear to 'switch on' the reproductive system at the hypothalamic level Dawson et al, 1985 Dawson et al, , 1986 .
Juvenile birds of most temperate-zone species are also insensitive to the stimulatory effects of long daylengths, from at least a few weeks after hatching until the following autumn (Farner et al, 1983) . The mechanism underlying this phenomenon in young birds is not known although it has been suggested that juveniles may display a form of photorefractoriness which is physiologically similar or identical to that of adult photorefractoriness (Farner et al, 1983; Sharp, 1984) . If . Termination of refractoriness and the recovery of photosensitivity in castrated adult starlings is signalled by a rapid increase in plasma LH weeks, and then transferred to 8L:16D for 10 weeks.
In another experiment, 10 male nestling starlings were taken from nest boxes at 8 days of age, castrated, and kept in 18L:6D. They were hand fed on maggots until capable of feeding independently on chick crumbs. At 7 weeks of age, 5 were transferred to 8L:16D and the remaining 5 were kept in 18L:6D.
All plasma samples were assayed for LH using an homologous chicken LH radioimmunoassay (Follett et al, 1972 as previously described for starlings (Dawson & Goldsmith, 1982) . The sensitivity of the assay was 01 pg/1. Inter-and intra-assay variation was 12-2% (« = 7) and 7-7% (n = 8) respectively. Results were assessed by analysis of variance with Newman-Keuls tests to determine the significance of differences between mean concentrations (Snedecor& Cochran, 1980) .
Results
Castrated juvenile and adult starlings (Group 1), kept on natural daylengths between July and December showed no increase in plasma LH concentration at the time of castration (Fig. 1) . Plasma LH remained low ( < 0-2 µg/l) in both groups until mid-October, then increased in juveniles and adults between mid-October and mid-November (P < 005). In adults LH reached a peak at 1-73 µg/l in mid-November and then remained high. In juveniles LH increased more gradually reaching a peak of 1 · 18 µg/l in mid-December. Plasma LH concentrations were significantly higher in adult birds in mid-and late November (P < 0-05).
In photorefractory adults (Group 2), plasma LH concentrations remained low after castration and for 3 weeks after transfer to short days (Fig. 2a) . LH then increased significantly (P < 001) from 008 µg/l after 3 weeks to 1 -62 µg/l after 5 weeks of short days, and remained high until the end of the experiment.
Changes in plasma LH concentrations were very similar in castrated juveniles transferred to short days at 11 and 15 weeks of age (Group 3). Castration caused no immediate increase in LH, and values remained low ( < 0-2 µg/l) for 4 weeks after transfer to short days. There was then a 2-0 1-5 0-5 Aug.
Sep.
Oct. (Fig. 3) . Concentrations then increased significantly to 0-55 µg/l after 6 weeks of short days (P < 001) and continued to increase until 10 weeks. LH concentrations in birds maintained in long days for 10 weeks remained < 0-2 µg/l. Discussion Castrated photorefractory adult starlings and castrated juvenile starlings, held under natural daylengths, showed a marked increase in circulating concentrations of LH between October and November. reported a similar increase in plasma LH concentrations at this time of year in gonadectomized adult male and female starlings. This rise in LH indicates the end of photorefractoriness and a return to photosensitivity in adult birds . Presumably the increase in LH in juveniles similarly represents the development of photo¬ sensitivity and the activation of the reproductive system (Dawson et al., 1986) . Starlings are therefore similar to many other temperate-zone species in that adults and juveniles become photosensitive at the same time under natural daylengths (Miller, 1948; Wolfson, 1952; Farner & Mewaldt, 1955) .
In the photosensitive non-photostimulated adult starling, removal of gonadal steroid inhibition by gonadectomy allows the neuroendocrine system to function at its maximal rate (Goldsmith & . The increase in plasma LH during the development of photosensitivity in natural daylengths was less marked in juvenile than in adult starlings, which suggests that the juvenile hypothalamo-pituitary axis is not able to function at a maximal rate even though the birds become photosensitive. This would be consistent with the suggestion that there is a gradual maturation of the photoperiodic response system in young birds (Thapliyal & Chatterji, 1965; Farner et al, 1983 whereas gradually decreasing and longer 'short' days cause a more gradual development of photo¬ sensitivity (see Farner & Follett, 1966; Hamner, 1968) . There is some evidence in the canary that the rate of recovery of photosensitivity is proportional to the length of the short day to which the bird has been exposed (Nicholls & Storey, 1977) . With this hypothesis it is necessary to explain why adult birds do appear to recover complete photosensitivity on daylengths of 11L under natural conditions. In Japanese quail the bird's interpretation of daylength is affected by its previous photoperiodic 'history' (Robinson & Follett, 1982) , and, in starlings too, the photoperiodic response varies with age and, independently, with previous photoperiodic experience (T. D. Williams, unpublished results). It is therefore possible that in adult starlings the photoperiodic response has altered such that they can recover complete photosensitivity under long 'short' daylengths, i.e. a daylength not perceived as short earlier in the year.
Castration of photorefractory adult starlings caused no increase in plasma LH concentrations confirming that gonadal steroids are not involved in maintaining low LH concentration . Transfer of refractory adults to short days caused a marked increase in plasma LH after 3-5 weeks, indicating a return to photosensitivity. Peak plasma LH concentrations occurred after 8-10 weeks of short days and these were typical of the maximum levels normally recorded for the starling . Other studies have similarly shown a marked increase in plasma LH in castrated photorefractory starlings after i- ) and 4-6 (A. Dawson, (Wilson & Follett, 1977) and canaries (Storey et al, 1980) 
